Introduction {#section5-2050312118800209}
============

Comprehensive population healthcare management is a major challenge in primary care. Although treating acute illness is a large part of the day-to-day work of a primary care provider, comprehensive population health management requires attention to chronic disease management, disease screening, and prevention.

Several expert panels have published guidelines and recommendations for disease screening and prevention. These expert panels have issued evidence-based guidelines and recommendations for cancer screening, immunizations, infectious disease surveillance, and counseling for health maintenance and disease prevention. From the US Centers for Disease Control and Prevention (CDC),^[@bibr1-2050312118800209]^ there are recommendations for infectious disease screening, including screening for human immunodeficiency virus (HIV), hepatitis C virus (HCV), chlamydia, and gonorrhea.^[@bibr2-2050312118800209][@bibr3-2050312118800209]--[@bibr4-2050312118800209]^ The Advisory Committee on Immunization Practices (ACIP) of the CDC has 13 recommended vaccines listed on the recommended adult immunization schedule.^[@bibr5-2050312118800209]^ The United States Preventive Services Task Force (USPSTF)^[@bibr6-2050312118800209]^ has 98 published recommendations for primary care which include screening, counseling, and preventive medications.

Chronic diseases such as diabetes, hypertension, and hyperlipidemia are common in a primary care practice and are also a large component of comprehensive population healthcare management. The Institute for Clinical Systems Improvement (ICSI)^[@bibr7-2050312118800209]^ has endorsed guidelines for treating lipids, chronic obstructive pulmonary disease (COPD), and asthma, among others. In addition, specialty societies have published guidelines on chronic disease management including diabetes management from the American Diabetes Association (ADA)^[@bibr8-2050312118800209]^ and management of hypertension and congestive heart failure from the American College of Cardiology (ACC) and the American Heart Association (AHA).^[@bibr9-2050312118800209],[@bibr10-2050312118800209]^

New medical informatics tools can give primary care practices a better sense of the numbers of recommendations for individual patients. By conducting a software query of the medical record for immunizations, diagnoses, procedures, laboratory tests, and dates completed, we can determine that a specific patient should have a PCV13 immunization, screening for colon cancer, screening for diabetes, consideration for a statin, screening for HCV, and counseling for tobacco cessation.

We used this technology to examine the volume and scope of recommendations across an entire adult primary care population. In this article, we examine the volume of recommendations, the healthcare staff categories needed to fulfill them, and the patient effort required to complete the recommendations. Using this information, practice administrators may be better able to prioritize efforts to address specific tasks involved in population health management.

Methods {#section6-2050312118800209}
=======

Setting {#section7-2050312118800209}
-------

This study took place in the Division of Primary Care Internal Medicine at Mayo Clinic Rochester. The Division of Primary Care Internal Medicine is a general internal medicine practice that cares for adult patients living in Rochester, Minnesota. The medical practice has an academic mission that includes education of internal medicine residents. However, this study included only patients who were assigned to staff physicians, or advanced practice providers (APPs) with certifications of nurse practitioners (NPs) or physician's assistants (PAs). The study patients had longer term continuity of care with their providers and would be more typical of a medical practice that did not incorporate an education role.

Data capture and generic disease management system {#section8-2050312118800209}
--------------------------------------------------

We used the Mayo Clinic's Generic Disease Management System (GDMS) to obtain the data for this study. GDMS captures information from multiple data sources within the patient electronic medical record to give a succinct summary of a patient's most current medical information including diagnosis, immunizations, and lab and procedure reports.^[@bibr11-2050312118800209][@bibr12-2050312118800209][@bibr13-2050312118800209][@bibr14-2050312118800209]--[@bibr15-2050312118800209]^ Utilizing this information, GDMS applies rules and calculators to expand that information into usable knowledge for enhanced patient care. For example, GDMS takes the current age, sex, cholesterol, and blood pressure information to automatically calculate the American Heart Association/American College of Cardiology 10 year cardiovascular risk.^[@bibr14-2050312118800209],[@bibr16-2050312118800209]^ GDMS examines previous immunization histories to determine what immunizations are due based on whether the immunizations were given and the time interval since last given. GDMS also identifies cancer screening tests that may be indicated such as mammography and colon cancer screening using guidelines to identify the age of screening initiation, and intervals between screening using the date of the most recent previous screening.

Mayo Clinic has a group of generalist, specialist, and subspecialist physicians who author Ask Mayo Expert, an online knowledge delivery tool that contains more than 1500 clinical topics and more than 225 care process models that deliver information to the clinician at the point of care. The recommendations in GDMS are based on national and international guidelines and reviewed by the Ask Mayo Expert physicians, who take into consideration competing guidelines and the evidence base for the guidelines. Ask Mayo Expert physicians cover a broad scope of medical practice and review guidelines coming from multiple sources, including resources such as USPSTF and CDC, specialty societies such as the American College of Cardiology, and other groups authoring guidelines such as the Institute for Clinical Systems Improvement, American Cancer Society, and the American Heart Association.

The GDMS recommendations were based on algorithms handled by a computer system separate from the electronic health record (EHR), but generated from patient data files shared with the EHR. So, patient information such as diagnoses, completed immunizations, and completed screening tests were fed into GDMS on a real-time basis with recommendations then transmitted into the EHR in real time. There was no paper-based data system. When patients arrived for visits, a paper list of recommendations from GDMS was printed for the provider and rooming staff. This paper list was to help prompt providers at the point of care to address the recommendations. The paper copy was also designed for patients to take home and contained other information such as recent lab test results. Providers also had access to recommendations within their panel of patients so that they could manage the recommendations on a population level as well as during face to face visits.

Using GDMS, patients can be individually identified for targeted therapy. For example, GDMS uses a combination of diagnosis, lab, and medication information to determine whether an individual with diabetes should be considered for an angiotensin-converting enzyme (ACE) inhibitor. In addition to general cancer screening recommendations, GDMS can also use diagnosis, laboratory, and procedure information to identify very specific screening recommendations such as for hepatocellular carcinoma in high-risk individuals such as those with cirrhosis and chronic hepatitis B. In all, GDMS captures 108 diagnoses that are used in its rules engine. GDMS uses a combination of diagnoses, medications, and previous lab test dates and values to calculate when certain lab tests are due such as hemoglobin A1c, microalbumin, or thyroid stimulating hormone (TSH). GDMS reviews if monitoring questionnaires (such as for asthma or depression) are indicated, based on diagnosis lists and medications. GDMS also uses age and EHR documents to determine whether advance care planning is needed. Patient-provided information such as tobacco use in the social history is used by GDMS to identify patients for tobacco cessation advice.

Although our study included just those aged 18 years and over, GDMS did query the medical record for information that may have occurred at an earlier age. For example, those aged 18 years and over would have had their records electronically queried for previous human papillomavirus (HPV) vaccinations, so as not to make an incorrect recommendation if that recommended vaccination had already been completed.

In summary, GDMS uses a variety of data sources, rules, and calculators to create recommendations for providers to use. When this study took place in 2017, GDMS had an inventory of 73 recommendations. Patients could each have multiple recommendations. However, recommendations with the same outcome were not duplicated. For example, a patient recommendation for a glucose screen because of use of a high-risk medication (e.g. olanzapine) would not also be prompted for a duplicate glucose for an age-driven diabetes screen. Likewise, a recommendation for colonoscopy because of a previous polyp would not have a duplicate recommendation for colonoscopy because of age.

Processes for managing recommendations {#section9-2050312118800209}
--------------------------------------

There are several different avenues for managing recommendations at Mayo Clinic in primary care. During a clinic face-to-face visit, the standardized rooming process includes printing a paper GDMS summary sheet at all face-to-face primary care visits (i.e. not just at preventive health or chronic disease visits). This printed summary, which can be given to the patient, contains the recommendations for the patient along with current lab values and calculations of the ACC-AHA 10- and 30-year cardiac risks if applicable. There are also additional recommendations contained in the electronic GDMS summary, available to the clinician at the time of the appointment, that often require more shared decision-making and thus are not displayed on the paper form. Examples of additional recommendations included on the electronic version are prostate cancer screening (which can require more shared decision-making), and recommendations concerning potentially sensitive topics such as screening for sexually transmissible infections.

In the face-to-face visit, the provider has the option of giving the patient the GDMS summary sheet and additionally discussing any recommendations not visible on the paper form. Licensed Practical Nurse (LPN) roomers are enabled to discuss and give vaccinations that GDMS has determined are due.

Processes of care outside the office visit also use information from GDMS. If patients have access to the patient portal (patient online services), they are sent twice yearly notifications to have selected screening tests and chronic disease monitoring tests that are due according to GDMS. Those without patient portal access receive the same notifications by mail. For example, a woman with diabetes could receive twice yearly notifications having to do with mammography (if not done in the previous 12 months), hemoglobin A1c, microalbumin, and an eye exam. An otherwise healthy 40-year-old male might get a notification for a glucose and lipid panel.

An additional non-visit avenue of care involves panel managers who may also send notifications about chronic disease monitoring. This might take the form of notifying a patient with asthma that it is time for an asthma control questionnaire or notifying a patient with depression that a mood questionnaire is due.

### Assigning categories to recommendations {#section10-2050312118800209}

A three-physician panel (F.N., J.M., and J.P.) jointly developed a classification terminology to collapse the 73 different recommendations into 11 broader categories of healthcare. The 11 categories were mutually exclusive and serve to divide the recommendations into discrete categories of healthcare activity. The classification of the individual 11 groups and their component recommendations are shown in [Table 1](#table1-2050312118800209){ref-type="table"}.

###### 

Classification of recommendations into healthcare categories.

![](10.1177_2050312118800209-table1)

  Category                       Recommendation content
  ------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Cancer screen                  Screen for colon cancer, breast cancer, cervical cancer, prostate cancer, hepatocellular carcinoma
  Disease monitoring             Monitoring of anti-seizure medications (phenytoin and carbamazepine), heart failure medication (digoxin), thyroid medication (TSH), diabetes monitoring (hemoglobin A1c, microalbumin), anti-hypertensive monitoring (sodium and potassium), vitamin B12 monitoring in high-risk individuals (bariatric surgery and intestinal disorders)
  Disease screen                 Diabetes and lipid screening (includes patients on high-risk medications such as olanzapine)
  Documents                      Documents requiring patient input (advance directive, asthma control questionnaire, and mood status questionnaire)
  Immunizations                  Hepatitis B vaccine, human papilloma virus, herpes zoster, pneumonia PPSV 23, pneumonia PCV 13, tetanus-diphtheria, tetanus-diphtheria-pertussis
  Infectious disease screen      Screen for chlamydia, hepatitis C, human immunodeficiency virus
  New medication                 Recommendation for initiation of aspirin, angiotensin-converting enzyme inhibitor, beta blocker
  Optimize management            Management of blood pressure, diabetes, prediabetes, hypercholesterolemia
  Preventive counseling          Identification of alcohol issues, tobacco use, and obesity
  Procedure screen, not cancer   Abdominal ultrasound screen for aneurysm, eye exam due for retinopathy screening, osteoporosis screening
  Specialty referral             Referral alert for kidney disease (low estimated glomerular filtration rate), cardiovascular referral for defibrillator shared decision-making (heart failure with low ejection fraction and no implanted defibrillator)

TSH: thyroid stimulating hormone.

### From recommendations to tasks {#section11-2050312118800209}

Recommendations are associated with tasks necessary to complete the recommendations. For example, a screening recommendation for chlamydia would include at least two separate tasks: the ordering of the test (initiation of the recommendation) and a follow-up of the test result. Although some of the 73 recommendations could require more than just those two tasks (initiation and follow-up), we used recommendation initiation and recommendation follow-up as two different tasks involved with each recommendation. For each of the 73 recommendations, the three-physician panel (F.N., J.M., and J.P.) came to a consensus on staff and training that are needed for the task initiation and task follow-up for these recommendations. We looked at these tasks separately because the initiation of a recommendation might requires a different level of training than a follow-up. For example, initiating a recommendation for colon cancer screening often falls within the scope of training of a clinician (physician, N.P. or P.A.) because there is shared decision-making around the options for screening (colonoscopy vs stool DNA). Colon cancer screening also may require clinician-level training to initiate a recommendation because previous colonoscopy results, pathology results, and family history may influence shared decision-making around the frequency and type of screening. Follow-up of colon cancer screening could involve simply a letter or portal message reporting negative results if there were no concerning findings. In this scenario, the colon cancer screening follow-up would not necessarily require a clinician unless there was a significant finding. This demonstrates how a colon cancer screening follow-up could be within a level of training different than the colon cancer screening initiation. A nurse could triage negative results to a secretary (to send out a letter or portal message reporting normal results), while sending positive results to the ordering clinician for more in-depth follow-up.

### Training needed for recommendation initiation {#section12-2050312118800209}

The three-physician panel evaluated each of the 73 recommendations and came to a consensus about the training level needed to initiate the recommendation. Each recommendation associated with task initiation was assigned to one of the following staff categories: clinician (physician, N.P. or P.A.), nursing staff, or automated.

### Healthcare system effort needed for follow-up of recommendations {#section13-2050312118800209}

If initiated, many of these recommendations would require follow-up. For example, follow-up would be necessary to notify patients of the results of cervical cancer screening. For each of the 73 recommendations, our three-physician panel came to a consensus about the type of healthcare staff needed for follow-up of the recommendations. Each recommendation follow-up was assigned to one of the following categories: physician or advanced practice provider (N.P. and P.A.), nursing staff/nursing staff triage, radiology follow-up, or follow-up not needed. Radiology follow-up is the legally required notification of results for mammography follow-up and is done through radiology; it does not require primary care personnel as the first step in follow-up. For the follow-up not needed category, we included recommendations such as immunizations which do not require a follow-up.

Patient effort to complete recommendations {#section14-2050312118800209}
------------------------------------------

For each of the 73 different recommendations, the three-physician panel came to a consensus about patient effort needed to initiate and complete the recommendation. For example, to adhere to a recommendation for a mammogram would require two steps, a communication (via phone or patient portal) to schedule the mammogram and then the actual visit to the imaging location. A recommendation for blood testing would also require at least two steps, a communication to set up the laboratory appointment, then the visit with a phlebotomist. A recommendation for a colonoscopy would require at least three effort components, a communication to schedule, a visit to a pharmacy to pick up the laxative prep, and a visit for the endoscopy itself.

For the patient effort, we only categorized the patient task of initiating and completing the recommendation. Although there can be patient effort associated with follow-up of the recommendation, this follow-up can be highly variable, so we did not attempt to categorize patient work or inconvenience beyond the initiation and completion of the recommendation. For example, follow-up of an unacceptable hemoglobin A1c level may not only require a visit to discuss changes in therapy, but also trips to the pharmacy and additional trips to a diabetes specialist. We assigned the patient tasks involved in initiating the recommendation into the following eight categories: communication (to schedule), documents (e.g. patient filling out a depression or asthma questionnaire), 15-min office visit, 30-min office visit, lab visit, pharmacy visit, procedure (radiology, endoscopy, etc.), and specialist visit. Patient effort most often involved more than one of these categories. As noted above, a colonoscopy would involve three patient effort categories: (1) communication (to schedule), (2) pharmacy (laxative prep), and (3) procedure (colonoscopy). Almost all the recommendations could involve a patient communication effort to schedule what was needed.

Within our categories, there may be some wide differences in patient effort, but we did not classify this effort to a more granular level. For example, within the procedures category, a procedure like a screening mammogram will take less patient effort than a colonoscopy that involves a laxative prep, taking some time off work, and arranging transportation to return home while the effects of sedation wear off.

Analysis and statistics {#section15-2050312118800209}
-----------------------

We used JMP 13.0 (SAS Institute, Cary, NC) for descriptive statistics used in the study.

Results {#section16-2050312118800209}
=======

The initial dataset contained 30,895 patients from 53 providers (44 physicians and 9 APPs). After excluding 2140 patients who did not give research authorization and excluding 13 patients under age 18 years or with missing age data, the final dataset contained 28,742 unique patients. [Table 2](#table2-2050312118800209){ref-type="table"} shows the demographics of the patient population for analysis.

###### 

Demographics of study primary care population (n = 28,742).

![](10.1177_2050312118800209-table2)

  Demographic                  Female, % (count); n = 16,735   Male, % (count); n = 12,007   Total population, % (count); n = 28,742
  ---------------------------- ------------------------------- ----------------------------- -----------------------------------------
  Age group (years)                                                                          
   18--34                      13 (2174)                       10.5 (1255)                   11.9 (3429)
   35--49                      18.2 (3053)                     18.3 (2193)                   18.3 (5246)
   50--64                      28.6 (4787)                     29.8 (3577)                   29.1 (8364)
   65--79                      26.4 (4420)                     28 (3366)                     27.1 (7786)
   80 and older                13.7 (2301)                     13.5 (1616)                   13.6 (3917)
  Sex                          58 (16,735)                     42 (12,007)                   100 (28,742)
  Race                                                                                       
   White                       88.4 (14,795)                   88.6 (10,638)                 88.5 (25,433)
  Diagnoses                                                                                  
   Diabetes                    9.8 (1634)                      15.2 (1824)                   12 (3458)
   Hypertension                37.3 (6245)                     42.8 (5138)                   39.6 (11,383)
   Coronary artery disease     7 (1167)                        17.7 (2121)                   11.4 (3288)
   Atrial fibrillation         9.8 (1634)                      15.2 (1824)                   12 (3458)
   Congestive heart failure    3.9 (659)                       5.9 (706)                     4.7 (1365)
   COPD                        2.7 (460)                       4.3 (515)                     3.4 (975)
  Risk factors                                                                               
   BMI of 25--30               28.6 (4793)                     37 (4446)                     32.1 (9239)
   BMI ⩾ 30                    33.8 (5650)                     36.1 (4332)                   34.7 (9982)
   BMI \> 40                   7.1 (1188)                      4.5 (542)                     6 (1730)
   Current tobacco use         6.7 (1123)                      10.6 (1271)                   8.3 (2394)
   Colon cancer FH             3.8 (640)                       3.2 (386)                     3.6 (1026)
   ASCVD 10 year risk ⩾ 7.5%   18.5 (3102)                     31.8 (3816)                   24.1 (6918)

COPD: chronic obstructive pulmonary disease; BMI: body mass index; FH: family history; ASCVD: atherosclerotic coronary vascular disease.

For the 28,742 patients, there were 127,273 uncompleted recommendations identified for population health management. There was a mean of 4.36 recommendations per patient with median of 4, interquartile range (25%--75%) of 2--6, standard deviation (SD) of 2.65, and range of 0--17 recommendations per patient. [Figure 1](#fig1-2050312118800209){ref-type="fig"} shows the histogram of the total recommendations per patient. Of the 28,742 patients, there were only 711 (2.5%) who had no recommendations captured by GDMS.

![Histogram of total recommendations per patient.](10.1177_2050312118800209-fig1){#fig1-2050312118800209}

There were 24,445 of the 28,742 (85%) with at least one of 108 diagnoses collected in GDMS that are used to generate recommendations. Only 4297 (15%) did not have at least one of the 108 diagnoses that were used to prompt a recommendation for a needed task.

[Table 3](#table3-2050312118800209){ref-type="table"} shows the overdue recommendations per 1000 patients by recommendation category type and age group. Infectious disease screening had a large number of overdue recommendations in the 50--64 years age group because of age-related guidelines for HCV testing. Cancer screening in the 18--34 years age group was almost exclusively cervical cancer screening (see also [Table 4](#table4-2050312118800209){ref-type="table"}). Immunizations are a prominent recommendation across age groups because of human papilloma virus (HPV) vaccine recommendations for younger ages and herpes zoster vaccination recommendations for older ages. Preventive counseling is primarily for obesity which involves all age groups. Documentation recommendations peak at age of 65--79 years to account for advanced directive recommendations in ages above 65 years. Infectious disease screening peaks at the 50- to 64-year-old group because of HCV and HIV screening recommendations in this age group.

###### 

Uncompleted healthcare recommendations per 1000 patients by age group to address all 73 recommendations.

![](10.1177_2050312118800209-table3)

  Recommendation category                 Age groups (counts per 1000 patients), years   All age groups                            
  --------------------------------------- ---------------------------------------------- ---------------- -------- -------- ------ ------
                                          18--34                                         35--49           50--64   65--79   80+    
  Cancer screening                        259                                            414              1046     574      19     569
  Disease monitoring                      67                                             200              438      610      709    434
  Disease screening                       43                                             261              274      223      240    226
  Documentation tasks                     199                                            207              152      689      442    353
  Immunization                            482                                            369              510      751      689    571
  Infectious disease screening            864                                            699              1828     549      0      912
  New medication                          3                                              13               37       68       110    47
  Optimize management                     88                                             229              415      639      641    433
  Preventive counseling                   438                                            635              764      785      663    693
  Procedures needed (not cancer screen)   9                                              27               72       260      141    117
  Specialty referral                      1                                              2                2        6        19     5
  Total                                   2453                                           3056             5537     5156     3672   4359

###### 

Uncompleted healthcare recommendations per 1000 patients by age group and sex.

![](10.1177_2050312118800209-table4)

  Recommendation category                 Age groups (counts per 1000 patients), years   All age groups                                                                  
  --------------------------------------- ---------------------------------------------- ---------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------
  Cancer screening                        407                                            3                691    27     1023   1076   627    506    15     24     639    471
  Disease monitoring                      48                                             100              172    238    409    477    594    631    731    678    412    464
  Disease screening                       22                                             80               131    442    262    289    213    237    251    223    192    272
  Documentation tasks                     205                                            190              236    167    177    119    690    687    428    462    361    340
  Immunization                            445                                            546              328    427    468    565    724    787    734    624    544    608
  Infectious disease screening            850                                            888              589    853    1820   1840   552    545    0      0      884    950
  New medication                          1                                              5                6      23     24     55     51     90     78     155    32     67
  Optimize management                     68                                             122              169    312    353    497    617    668    648    631    393    490
  Preventive counseling                   385                                            530              563    736    682    872    716    876    595    759    619    798
  Procedures needed (not cancer screen)   7                                              13               20     38     64     83     259    262    164    108    114    121
  Specialty referral                      0                                              2                1      3      1      3      5      8      10     33     3      8
  Total                                   2438                                           2479             2906   3266   5283   5876   5048   5297   3654   3697   4193   4589

[Figure 2](#fig2-2050312118800209){ref-type="fig"} is a graph of the data in [Table 3](#table3-2050312118800209){ref-type="table"} to provide a visual representation of the change in recommendations between age categories.

![Graph of recommendations per 1000 in each category by age group.](10.1177_2050312118800209-fig2){#fig2-2050312118800209}

[Table 4](#table4-2050312118800209){ref-type="table"} shows the uncompleted healthcare recommendations by sex. There are major differences between male and female uncompleted recommendations in cancer screening. This is mostly due to cervical cancer screening for women. Except for the recommendation categories of cancer screening and documentation tasks, males tend to have more uncompleted recommendations across age groups. Over all age groups, men have about 10% more uncompleted recommendations than women.

[Table 5](#table5-2050312118800209){ref-type="table"} categorizes the staff level for initiating the uncompleted recommendations. Physicians or advanced practice providers are needed for ordering colon screening (shared decision-making about colonoscopy vs Cologuard^®^) and for shared decision-making with prostate cancer screening. Mammography is often an accepted screening practice that requires little explanation so could be done with an automated process. We categorized some infectious disease screening to involve nursing input because of potentially sensitive screening discussions around sexually transmitted infections.

###### 

Counts of recommendation initiations needed by training level (per 1000 patients).

![](10.1177_2050312118800209-table5)

  Task description                                                             Automated order^[a](#table-fn3-2050312118800209){ref-type="table-fn"}^   Clinician   Nurse   Total
  ---------------------------------------------------------------------------- ------------------------------------------------------------------------ ----------- ------- -------
  Cancer screening                                                             280                                                                      289         0       569
  Disease monitoring                                                           431                                                                      0           3       434
  Disease screening                                                            226                                                                      0           0       226
  Documentation tasks                                                          0                                                                        202         151     353
  Immunization                                                                 422                                                                      0           149     571
  Infectious disease screening                                                 424                                                                      0           488     912
  New medication                                                               0                                                                        34          13      47
  Optimize management^[b](#table-fn4-2050312118800209){ref-type="table-fn"}^   210                                                                      0           223     433
  Preventive counseling                                                        0                                                                        693         0       693
  Procedures needed (not cancer screen)                                        99                                                                       1           16      117
  Specialty referral                                                           0                                                                        5           0       5
  Total                                                                        2092                                                                     1224        1042    4359

Automated process such as computer-generated order and portal message to the patient.

Optimize chronic disease management (e.g. hemoglobin A1c above goal or blood pressure above goal requiring action, but could potentially be directed by a nurse if a specific protocol available).

[Table 6](#table6-2050312118800209){ref-type="table"} shows the staff level needed for follow-up. Follow-up was not needed by the primary care team in 1513 of 4539 tasks (35%). This included tasks such as immunizations and mammograms. Mammograms were coded as not requiring follow-up by primary care as the department of radiology is required to follow-up on all mammograms. Mammograms comprised 4% of the total. Physicians/NPs/PAs were needed to do the initial follow-up about 11% of the time. The procedures requiring follow-up with this higher training level include procedure results such as liver ultrasounds for hepatocellular carcinoma screening.

###### 

Counts of recommendation follow-ups by staff training level (per 1000 patients).

![](10.1177_2050312118800209-table6)

  Task description                                                             Follow-up not needed   Clinician   Radiology follow-up   Nurse follow-up or triage   Total
  ---------------------------------------------------------------------------- ---------------------- ----------- --------------------- --------------------------- -------
  Cancer screening                                                             0                      297         169                   102                         569
  Disease monitoring                                                           0                      0           0                     434                         434
  Disease screening                                                            0                      0           0                     226                         226
  Documentation tasks                                                          202                    0           0                     151                         353
  Immunization                                                                 571                    0           0                     0                           571
  Infectious disease screening                                                 0                      0           0                     912                         912
  New medication                                                               47                     0           0                     0                           47
  Optimize management^[a](#table-fn5-2050312118800209){ref-type="table-fn"}^   0                      77          0                     356                         433
  Preventive counseling                                                        693                    0           0                     0                           693
  Procedures needed (not cancer screen)                                        0                      100         0                     16                          117
  Specialty referral                                                           0                      5           0                     0                           5
  Total                                                                        1513                   480         169                   2197                        4359

Optimize chronic disease management (e.g. hemoglobin A1c above goal or blood pressure above goal requiring action, but could potentially be directed by a nurse if a specific protocol available).

Over 50% of the follow-up could be at least partially done by nursing staff. Nursing staff can triage laboratory results and some imaging and procedures. If, upon triaging, the results are found to be abnormal, nursing staff would then refer the results to a physician/NP/PA. Thus, out of the 50% of follow-up listed as being performed by nursing staff, some of this follow-up would be triaged by nursing staff and ultimately passed on to a clinician.

[Table 7](#table7-2050312118800209){ref-type="table"} categorizes the patient effort of completing the recommendations. Patients often must do more than one task to complete a recommendation, so the total counts per 1000 do not add up to 4359 as in the task initiation and follow-up ([Tables 3](#table3-2050312118800209){ref-type="table"}[](#table4-2050312118800209){ref-type="table"}--[5](#table5-2050312118800209){ref-type="table"}). Patients almost always require a telephone call or some other communication to schedule appointments in addition to the appointment itself. The scheduling communication occurs whether the recommendation is for lab visits, procedures, or face-to-face visits. Of the 9379 tasks per 1000 patients, 4147 of them were communication tasks to schedule appointments. With communication removed from these counts, the patient effort would be comprised as follows: 37% lab visits, 9% procedure visits, 31% as 30-min visits, 11% as 15-min visits, 7% filling out documents, and 5% pharmacy visits.

###### 

Patient effort and responsibilities required per 1000 patients to address initiation of all recommendations.

![](10.1177_2050312118800209-table7)

  Task category                                                                Communication   Documents   15-min visits   30-min visits   Lab tests   Pharmacy visit   Procedures   Specialist visits   Total
  ---------------------------------------------------------------------------- --------------- ----------- --------------- --------------- ----------- ---------------- ------------ ------------------- -------
  Cancer screening                                                             569             0           0               221             120         169              347          0                   1427
  Disease monitoring                                                           434             0           0               0               434         0                0            0                   868
  Disease screening                                                            226             0           0               0               226         0                0            0                   451
  Documentation tasks                                                          151             353         0               202             0           0                0            0                   705
  Immunization                                                                 561             0           571             0               0           0                0            0                   1132
  Infectious disease screening                                                 912             0           0               0               912         0                0            0                   1823
  New medication                                                               47              0           0               34              15          47               0            0                   142
  Optimize management^[a](#table-fn6-2050312118800209){ref-type="table-fn"}^   433             0           0               433             250         40               0            0                   1156
  Preventive counseling                                                        693             0           0               693             0           0                0            0                   1387
  Procedures needed (not cancer screen)                                        117             0           0               38              0           0                117          0                   272
  Specialty referral                                                           5               0           0               5               0           0                0            5                   16
  Total                                                                        4147            353         571             1628            1956        256              464          5                   9379

Optimize chronic disease management (e.g. hemoglobin A1c above goal or blood pressure above goal requiring action, but could potentially be directed by a nurse if a specific protocol available).

Thirty-minute visits for cancer screening would be for Pap tests. The documentation 30-min visits would be for discussion and preparation of advance directive documentation. Optimize management 30-min visits would be for managing uncontrolled diabetes, hypertension, or hyperlipidemia.

Discussion {#section17-2050312118800209}
==========

Providing comprehensive preventive services and chronic disease management in a primary care practice can create a large volume of tasks. Even with multiple different systems, care processes, and dedicated panel health managers working to address these recommendations, our practice had over 4300 incomplete recommendations per 1000 patients. This study shows that addressing these recommendations will likely require a new approach from the healthcare system, providers, and patients.

Recommendations were not specifically clustered in one recommendation category or age group. For different age groups, there was only a little over a twofold difference between the number of uncompleted recommendations per 1000 in the age group with the fewest uncompleted recommendations (2450 per 1000 patients aged 18--34 years) to the highest recommendation group (5540 per 1000 patients aged 50--64 years). For the youngest age group, HPV immunization, chlamydia, and gonorrhea screening along with Pap tests accounted for a large number of the recommendations. Cancer screening and infectious disease screening reached a peak in the 50--64 years age group.

Incomplete recommendations for immunizations were relatively stable across all age groups. Lack of HPV vaccine accounted for many incomplete vaccinations in the young group, and the older group had recommendations for herpes zoster vaccination, pneumococcal polysaccharide vaccine (PPSV23), and pneumococcal conjugate vaccine (PCV13). Preventive counseling to mitigate risk factors also was relatively stable across all age groups. This reflected some of the stability in obesity across age groups and continued recommendations for counseling about tobacco cessation and alcohol use across age groups.

Recommendations for disease monitoring and optimizing chronic disease management increased with age. This is consistent with the increasing prevalence of diabetes, hyperlipidemia, and hypertension with age. Recommendations for new medications and specialty referrals also increased with age, although these accounted for relatively few uncompleted recommendations overall.

For task initiation, which often involved ordering lab tests, procedures, or images, we found that 48% (2092 of the 4359 recommendations per 1000) could be handled using an automated process. However, there was no easily automated way to counsel for options concerning tobacco cessation, or for obesity treatment options, such as dietary approaches, weight loss medications, bariatric endoscopic procedures, or bariatric surgery.

Many incomplete recommended tasks could be completed by nursing staff without additional communication or follow-up. Immunizations, for example, can be ordered and given during a visit for another reason. Immunizations can also be scheduled and done with a nurse-only visit, independent of a clinician office visit.

Guidelines change over time and we see some of the results of this in our study. Associated with advances in the treatment of HIV and HCV, there has been a push for earlier identification of these treatable infectious diseases.^[@bibr17-2050312118800209],[@bibr18-2050312118800209]^ Thus, screening for HIV and HCV involves a wide segment of the population. Screening recommendations includes screening for HCV in all individuals born from 1945 to 1965 and screening for HIV is recommended for all individuals from age 13 to 64 years.^[@bibr1-2050312118800209],[@bibr19-2050312118800209]^ Other newer guidelines may have a similar impact of a surge in recommendations. For example, we have not yet incorporated lung cancer screening into GDMS recommendations.

Not only newer guidelines are increasing the volume of tasks recommended but also the complexity of the tasks involved with older recommendations is changing. For example, colon cancer and breast cancer screening options are now more complex with the addition of the stool DNA test (Cologuard™) and molecular breast imaging.^[@bibr20-2050312118800209],[@bibr21-2050312118800209]^ With newer options available, the scope of practice required to engage in shared decision-making with patients may change as well. With the help of medical informatics, we are also able to identify smaller groups of patients needing specific attention. For example, GDMS can identify individuals with congestive heart failure with low ejection fraction and without a defibrillator implant, so these patients can be identified for discussion of a defibrillator. We are also able to identify subgroups of patients with specific nutritional or supplemental vitamin needs such as those with bacterial overgrowth, Crohn's disease, and those who have had bariatric surgery.

This study should help other healthcare systems examine how to remove barriers to completing recommendations. For example, we found that many recommendations involved immunization and screening for infectious disease. At Mayo Clinic, patients must request online or call in to make appointments for vaccinations and lab testing. If recommendations were more easily available online and patients could make their own appointments for vaccinations and tests, this would eliminate the process of having telephone contact with appointment schedulers.

Many of these recommendations are also reportable quality measures. For example, proportions of patients who have had appropriate breast cancer, colon cancer, or cervical cancer screening are all quality measures that form a basis for comparison of different practices in Minnesota and nationally.^[@bibr22-2050312118800209],[@bibr23-2050312118800209]^ The framework we have developed here could be used to prioritize each of the recommendations in the context of overall population health management and specific quality measures. Examining these in terms of the expertise needed for initiation and follow-up of recommendations could be a starting point for looking for more cost-effective processes to use to complete these tasks.

This study also shows some potential utility of using this information in scheduling face-to-face appointments. When patients call in for appointments, it would be useful to have the unfinished task information available to the appointment schedulers. For example, a patient calling in for a sore knee might also be asked if they wanted to update their vaccinations, and, if so, dedicated nursing time could be scheduled for that.

There were many primary care recommendations about behavioral health issues such as tobacco use, alcohol use, and eating behaviors. This study supports having strong behavioral health integration as a way to manage the behavioral health recommendations in a primary care population.

Our study demonstrates how these unfinished tasks affect more than just the healthcare system and its providers. Patients are very much affected as well. The results show that our population would have to make thousands of phone calls and thousands of visits to complete the incomplete medical recommendations. This represents potentially a large burden of time and money for these individuals, even if they have comprehensive healthcare insurance. Although we did not perform this in our study, our framework for examining these recommendations would allow a more robust cost estimate for the disease prevention and screening component of population health management.

This study is highly relevant to the emerging field of clinical informatics. To successfully manage recommendations there needs to be a technological way of capturing the different steps involved in task completion. For example, it may be that a provider has had discussions with a patient about colon cancer screening on multiple occasions, and each time the patient declined cancer screening. Information about patients declining recommendations needs to be easily searchable so that effort and resources can be allocated more effectively. Perhaps this information could be put in the form of a recommendation flowsheet where the process of recommendations, and their subsequent disposition could be tracked along a timeline. This flowsheet could note when the recommendation was initiated and the outcome in some categorical fashion. For certain recommendations, there could be a step care process involved. For example, a recommendation for mammography could start with a portal message. If there is no response, then there could be a telephone call from an appointment coordinator. If that is declined, then decision-making is shared with a nurse or clinician.

The study has several limitations. We did not take into consideration competing guidelines. For example, in our mammography recommendation, we use the age of 40 years as the starting point for initiating discussion about screening mammography and then repeating yearly. While this is consistent with some guidelines such as the American Cancer Society,^[@bibr24-2050312118800209]^ the USPSTF^[@bibr25-2050312118800209]^ recommends starting at age of 50 years and then repeating every 2 years. Thus, healthcare systems using different guidelines could have different results. Other healthcare systems may have greater or lesser abilities to develop this recommendation list based on the availability of diagnoses, demographics, social history, and so on. A comprehensive recommendations list may have hundreds of rules that depend on information throughout the medical record. Mayo's GDMS currently identifies 108 separate diagnoses to use in its algorithms and considers social history (tobacco and alcohol), lab information, previous procedures accomplished, and various individual parameters (height, weight, and blood pressure). A complex rule-based system may not be not widely available to primary care practices.

Our analysis of the recommendation follow-ups ([Table 5](#table5-2050312118800209){ref-type="table"}) has some limitations. For example, the nurses can triage results from various procedures, images, and lab tests. We found that this could be done in about 50% of the follow-ups. However, some of that follow-up would invariably go to the physician when the test results, procedures, or images were abnormal and needed further interpretation and patient education. It should be noted that in our practice, as well as others, patients have direct access to their lab test, image, and pathology results. Even with processes in place of having nurses triage and potentially explain these results, patients can still freely message their provider about their results through the portal, leading to another avenue for follow-up to be routed to the clinician. Thus, [Table 5](#table5-2050312118800209){ref-type="table"} is more a best case and likely underestimates the effort that eventually ends in the clinicians' task list.

Our practice also has a relatively stable population with individuals having continuous care at Mayo Clinic for decades. As such, our software can capture the appropriate data required to generate the recommendations. For most patients in our primary care practice, we have EHR access to years of data including diagnoses, previous colonoscopy dates, pathology reports, cervical cancer screening tests, lab tests, and immunizations. Practices without computer searchable medical records over a period of years would have a difficult time replicating our ability to capture recommendations for an entire population.

We did not examine each recommendation in terms of the incomplete recommendations compared to the total recommendations. GDMS was designed to focus only on incomplete recommendations. However, looking at each recommendation by percent completed may give insights into processes and systems that could be used to achieve higher completion rates.

There are varying levels of evidence associated with recommendations. For example, the USPSTF recommendations are associated with 5 levels of evidence: A, B, C, D, and I. The Mayo GDMS algorithms that generated recommendations were based on national and international guidelines and approved by panels of Mayo Clinic physicians. GDMS did not deliver explanatory information for providers or for patients that indicated the evidence basis for those recommendations. Thus, we were unable to determine whether an evidence basis for recommendations was used by providers or patients to help prioritize certain recommendations over others.

From a broad population perspective there are many incomplete recommendations. However, each individual recommendation is in the context of a specific patient. An individual patient within the population may have a terminal illness, a mental illness, multiple comorbidities, or economic and social challenges that could dwarf healthcare recommendations. Consequently, a recommendation designed for a whole population sometimes just does not apply to a specific patient.

This study gives a snapshot view of the tasks and staff needed to complete the healthcare recommendations for a primary care population. While we are making progress on the informatics challenges, each patient represents an individual challenge. Individuals have different priorities about their healthcare, and no matter what computer algorithms recommend, it comes down to individual decisions from patients and shared decisions with their physician or provider in the context of their healthcare goals and beliefs. Our study just examines the volume of recommendations involved in a primary care practice and attempts to examine the potential provider and patient efforts required to complete the recommendations. Further research will be needed to examine how to prioritize the tasks involved in the recommendations and how to develop processes for most cost-effective ways of addressing this burgeoning number of guideline-driven tasks.

Conclusion {#section18-2050312118800209}
==========

Recommendations generated by guidelines will require a large effort from healthcare systems. Patients will also need a considerable effort to complete the recommendations. New healthcare system approaches are needed to address these large numbers of uncompleted recommendations.
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